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We investigate the influence of the boundary conditions of minimal supergravity (mSUGRA) on the supersym-
metric mechanism for lepton flavour violation (LFV) proposed recently [1], within the framework of the MSSM
extended by TeV-scale singlet heavy neutrinos. We find that the consideration of the mSUGRA boundary con-
dition may increase the branching ratios of the muon and tauon decaying into three charged leptons by up to a
factor of 5, whereas the corresponding branching ratio for their photonic decays remains almost unchanged.
1. SLFV in the MSSM3N
Recently, we proposed [1] a novel, fully super-
symmetric mechanism for LFV, which is indepen-
dent of the soft supersymmetry (SUSY) breaking
sector of the theory. The mechanism was called
supersymmetric lepton flavour violation (SLFV).
To demonstrate the importance of SLFV, we con-
sidered a R-parity conserving seesaw extension of
the MSSM with one singlet heavy neutrino per
family (MSSM3N). The leptonic sector of the su-
perpotential of the MSSM3N reads [1]:
Wl = Ê
CheĤdL̂+ N̂
ChνL̂Ĥu + N̂
CmM N̂
C (1)
where the complex 3×3 matrices, he, hν andmM
represent the electron and the neutrino Yukawa
couplings, and the symmetric heavy neutrino Ma-
jorana mass matrix, respectively. We assume that
the heavy neutrino sector of the model is SO(3)
symmetric being broken down to an U(1) lepton
symmetry by the Yukawa sector [2]. The approxi-
mate breaking of these symmetries lead to almost
degenerate heavy neutrinos, mM ≈ mN13. The
approximate flavour symmetries also assure small
light neutrino masses, permitting heavy neutrino
mass scale as low as 100 GeV, in a way such that
the usual see-saw suppression factor of LFV pro-
cesses, mν/mN is avoided. The SLFV effects de-
pend on the LFV parameters
Ωℓℓ′ =
v2u
2m2N
(h†νhν)ll′ . (2)
In contrast to usual SUSY studies [3] where LFV
effects only depend on the flavour structure of
the soft SUSY-breaking sector induced by renor-
malization group (RG) running, SLFV effects
only depend on the superpotential heavy neutrino
mass scale mN and the neutrino-Yukawa cou-
plings hν . In addition, they depend on 〈√2Hu〉 ≡
vu = v cosβ, with v ≈ 246 GeV and tanβ =
〈Hu〉/〈Hd〉.
The SLFV amplitudes are induced by heavy
neutrinos and heavy sneutrinos at the one-loop
level. The loop sneutrino contributions include
heavy sleptons and/or heavy squarks, and there-
fore they do depend on the soft SUSY-breaking
sparticle masses. In Ref. [1], the LFV observ-
ables induced by SLFV are evaluated by select-
ing typical values for the sparticle masses at the
electroweak scale. Here, we extend the previ-
ous study and evaluate the soft SUSY-breaking
parameters, as functions of the heavy neutrino
mass scale mN and the LFV parameters Ωℓℓ′ , us-
ing one-loop MSSM3N RG equations [4] with uni-
versal boundary conditions at the gauge-coupling
unification scale MX = 2.5× 1016 GeV. RG anal-
ysis confirms that the heavy neutrino sector is
supersymmetric almost for the whole parame-
ter space allowed by the perturbative condition
on neutrino Yukawa matrices: Tr (h†νhν) < 4π.
Specifically, the singlet-neutrino sector is super-
symmetric to a good approximation, provided the
heavy neutrino mass mN is of comparable or-
1
2der or larger than the soft SUSY breaking pa-
rameters m0 (scalar mass), M (gaugino mass)
and A0 (trilinear scalar coupling). In the same
kinematic regime, the light left-handed sneutrinos
are also degenerate. The superpotential ĤuĤd-
mixing term µ turns out to be typically of order
400 GeV, and therefore smaller than the heavy
neutrino mass scale mN , for the largest part of
the allowed parameter space. The above justifies
the approximations used to obtain the dominant
terms of the SLFV amplitudes in Ref. [1].
Within the above framework, we may calculate
the leading SLFV amplitudes close to the SUSY
limit in the lowest order of vu and m
−1
N . To lead-
ing order in gW and hν , the pertinent LFV am-
plitudes read [1]:
T γl′lµ =
e αw
8πM2W
l¯′
(
F l
′l
γ q
2γµPL
+ Gl
′l
γ iσµνq
νmlPR
)
l ,
T Zl′lµ =
gw αw
8π cos θw
F l
′l
Z l¯
′γµPLl , (3)
T l′l1l2l = −
α2w
4M2W
F ll
′l1l2
box
l¯′γµPLl l¯1γ
µPLl2 ,
where q = pℓ′ − pℓ. The amplitudes T l′u1u2l and
T l
′d1d2
l have the same structure as the amplitude
T l
′l1l2
l , up to replacements ℓi → ui → di, i = 1, 2.
The form factors F l
′l
γ , G
l′l
γ , F
l′l
Z , F
ll′l1l2
box
, F ll
′u1u2
box
and F ll
′d1d2
box
receive contributions from both the
heavy neutrinosN1,2,3 and the right-handed sneu-
trinos N˜1,2,3. To illustrate the importance of the
SLFV effects, we give the leading form of the form
factors F l
′l
γ , G
l′l
γ , F
l′l
Z , F
ll′l1l2
box
, F ll
′u1u2
box
and F ll
′d1d2
box
in the Feynman gauge,
(F l
′l
γ )
N =
Ωℓℓ′
6 s2β
lnλN ,
(F l
′l
γ )
N˜ =
Ωℓℓ′
3 s2β
2∑
k=1
V2k2 lnλNk , (4)
(Gl
′l
γ )
N =Ωℓℓ′
(
− 1
6 s2β
− 5
6
)
,
(Gl
′l
γ )
N˜ =Ωℓℓ′
(
1
6 s2β
+ f
)
, (5)
(F l
′l
Z )
N =− 3Ωℓℓ′
2
lnλN − (Ω
2
ℓℓ′)
2 s2β
λN ,
(F l
′l
Z )
N˜ =Ωℓℓ′ g lnλN (6)
F ll
′l1l2
box
=− (δℓ1ℓ2Ωℓℓ′ + δℓ′ℓ2Ωℓℓ1)
+ (Ωℓℓ′Ωℓ2ℓ1 + Ωℓℓ1Ωℓ2ℓ′)
λN
4s4β
F ll
′l1l2
box
=(δℓ1ℓ2Ωℓℓ′ + δℓ′ℓ2Ωℓℓ1)hℓ
+(Ωℓℓ′Ωℓ2ℓ1 + Ωℓℓ1Ωℓ2ℓ′)
λN
4s4β
(7)
F ll
′u1u2
box
=4Ωℓℓ′
F ll
′u1u2
box
=Ωℓℓ′hu (8)
F ll
′d1d2
box
=−Ωℓℓ′
F ll
′d1d2
box
=Ωℓℓ′hd (9)
where λN =
m2
N
M2
W
, λNk =
m2
N
m2
χ˜k
, V is one of the
unitary matrices diagonalizing the chargino mass
matrix and f , g, hℓ, hu and hd are complicated
functions of masses and mixing matrices. De-
tailed results of this study will be given in a forth-
coming publication [5].
In the SUSY limit tanβ → 1, µ → 0, mχ˜k →
MW , f → 56 , g → 32 , hℓ → −1, hu → 0
and hd → −1. We note that the photonic
dipole form factor Gl
′l
γ = (G
l′l
γ )
N + (Gl
′l
γ )
N˜ van-
ishes in the SUSY limit. This is a consequence of
the SUSY non-renormalization theorem [6]. Be-
yond the SUSY limit, it strongly depends on the
soft SUSY-breaking sector and particulary on the
sparticle masses.
In all formfactors, except of Gl
′l
γ , the N - and
N˜ -loop contributions add constructively. Specifi-
cally, in the MSUSY ≫MW and in the large MN
limit, the following approximate form factor rela-
tions are valid: F ℓℓ
′
γ ≈ 3(F
ℓℓ′
γ )
N , |Gℓℓ
′
γ |
<
∼ |(G
ℓℓ′
γ )
N |,
F
ℓℓ′
Z ≈ (F
ℓℓ′
Z )
N , F ll
′l1l2
box
≈ (F ll
′l1l2
box
)N , F ll
′d1d2
box
≤
2(F ll
′d1d2
box
)N , and F ll
′u1u2
box
≈ (F ll
′u1u2
box
)N . It is im-
portant to note that the large mN limit corre-
sponds to a kinematic region where the neutrino
Yukawa couplings hν are large (see Eq. (2)). In
this limit, the Ω2 terms dominate in Z and lep-
tonic box amplitudes. More precisely, the terms
proportional to Ω2 become larger than those pro-
portional to Ω, if g2w < Tr (h
†
νhν).
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Figure 1. Exclusion contours of Ωeµ versus mN
derived from experimental limits on B(µ− →
e−γ) (solid), B(µ− → e−e−e+) (dashed) and
µ → e conversion in Titanium (dash-dotted)
and Gold (dash-double-dotted), assuming Ωee =
Ωµµ = Ωeµ and other Ωℓℓ′ = 0. The upper,
middle and lower panel represent the exclusion
contours in the SM3N, the MSSM3Nf and the
MSSM3NS, respectively. The areas above the
contours are excluded; see the text for more de-
tails.
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Figure 2. Exclusion contours of Ωeτ versus mN
derived from present experimental upper limits
on B(τ− → e−γ) (solid), B(τ− → e−e−e+)
(dashed) and B(τ− → e−µ−µ+) (dash-dotted),
assuming that Ωee = Ωττ = Ωeτ and other
Ωℓℓ′ = 0. The upper, middle and lower panel
represent the exclusion contours in the SM3N,
the MSSM3Nf and the MSSM3NS, respectively.
The areas above the contours are excluded; more
details are given in the text.
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Figure 3. Exclusion contours of Ωµτ versus mN
derived from present experimental upper limits
on B(τ− → µ−γ) (solid), B(τ− → µ−µ−µ+)
(dashed) and B(τ− → µ−e−e+) (dash-dotted),
assuming that Ωµµ = Ωττ = Ωµτ and other
Ωℓℓ′ = 0. The upper, middle and lower panel
represent the exclusion contours in the SM3N,
the MSSM3Nf and the MSSM3NS, respectively.
The areas above the contours are excluded; more
details are given in the text.
2. Numerical estimates
We now present numerical estimates of LFV
observables in three distinct models: (i) the
Standard Model with one heavy right-handed
neutrino per family (SM3N); (ii) the MSSM3N
with fixed superpartner masses (MSSM3Nf); (iii)
the MSSM with mSUGRA boundary condi-
tions (MSSM3NS).
In the SM3N, the LFV amplitudes depend only
on Ωℓℓ′ and mN . For the SUSY models, the
MSSM3Nf and the MSSM3NS, the LFV ampli-
tudes are functions of Ωℓℓ′ , mN , tanβ, µ, the
slepton and/or squark masses, and the unitary
chargino-mixing mass matrices. We take tanβ =
3, which is a value close to the SUSY limit value
tanβ = 1. In the MSSM3Nf, the lepton and
squark matrices and µ are taken as input parame-
ters. We fix −µ = M˜Q =Mν˜ = 200 GeV, MW˜ =
100 GeV and tanβ = 3. In the MSSM3NS, the
µ parameter and the sparticle masses are func-
tions of mN and Ωℓℓ′ . They are determined by
the MSSM3N RGEs and the universal soft SUSY-
breaking parametersM ,m0 and A0 defined at the
gauge-coupling unification scale MX . As input
values, we take M = 250 GeV, m0 = 100 GeV
and A0 = 150 GeV.
To simplify our analysis of identifying the re-
gions of parameter space excluded by experimen-
tal limits of LFV processes µ → e +X and τ →
e+X (whereX indicates generically a photon or 3
charged leptons), we consider three separate con-
servative scenarios with three non-zero Ωℓℓ′ pa-
rameters: Ωµµ = Ωµe = Ωee, Ωττ = Ωτe = Ωee,
and Ωττ = Ωτµ = Ωµµ respectively.
The exclusion contours of Ωeµ versus mN for
µ → e + X processes, Ωeτ versus mN for τ →
e + X and Ωµτ versus mN for τ → µ + X are
given in Figs. 1, 2 and 3, respectively. The ar-
eas above the curves are forbidden by the ex-
perimental upper bounds on the corresponding
processes. The area above the diagonal solid
lines represent the nonpertubative regime with
Tr (h†νhν) > 4π, whilst the area above the diag-
onal dotted lines represent the region where the
Yukawa couplings dominate the LFV observables,
Tr (h†νhν) > g
2
w. The higher values of Ωℓℓ′ corre-
spond to smaller values of the LFV observables:
5the factors multiplying the combinations of Ωℓℓ′
elements is smaller, if Ωℓℓ′ needed to satisfy the
experimental upper bound is larger.
The mSUGRA boundary condition has a
strong influence on the perturbativity condition:
Tr (h†νhν) > 4π. In the SM3N and the MSSM3Nf,
the condition Tr (h†νhν) > 4π is determined at
the MZ scale. In the MSSM3NS, Tr (h
†
νhν) > 4π
has to be satisfied for any RG scale between MZ
and MX . As hν increases with the RG scale, the
Tr (h†νhν) > 4π is determined at the gauge unifi-
cation scale, when the typical value for Tr (h†νhν)
at the MZ scale is ∼ 0.3 − 0.45. Thus, signfi-
cant part of the SM3N and MSSM3Nf parameter
space in the mN -Ωℓℓ′ plane gets excluded in the
MSSM3NS. Also, the boundary lines Tr (h†νhν) =
4π and Tr (h†νhν) = g
2
w come closer to each other.
Moreover, the LFV observables cannot be evalu-
ated beyond the perturbativity limit Tr (h†νhν) =
4π, since the RGEs rapidly diverge. Instead, in
the SM3N and MSSM3Nf, the LFV observables
can be computed for any value of mN and Ωℓℓ′ .
Figures 1, 2 and 3 contain 3 panels. The upper,
the middle and the lower panels display exclusion
contours obtained in the SM3N, the MSSM3Nf
and the MSSM3NS, respectively.
Figure 1 presents exclusion contours for current
experimental limits on and future sensitivities to
LFV processes of µ → e transitions: B(µ− →
e−γ) < 1.2 × 10−11 [8] (upper horizontal line),
B(µ− → e−γ) ∼ 10−13 [9] (lower horizontal line),
B(µ− → e−e−e+) < 10−12 [8], the constraints
from the non-observation of µ → e conversion in
48
22Ti and
197
79Au [10], R
Ti
µe < 4.3×10−12 [11] (dash-
dotted) and RAuµe < 7 × 10−13 [12] (dash-double-
dotted), as well as potential limits from a future
sensitivity to RTiµe at the 10
−18 level [13] (lower
dash-dotted line). Comparing the upper with the
middle panel, one can see that B(µ → eγ) be-
comes smaller when the heavy sneutrino contribu-
tions are included, while the other observables be-
come larger. The consideration of the mSUGRA
boundary condition alter the predictions for the
LFV observables in non-trivial manner, i.e. there
are no regions of cancelation among terms propor-
tional to Ω and Ω2. Furthermore, the theoretical
predictions for the LFV observables may increase,
especially for µ→ e conversion processes.
Figure 2 exhibits exclusion contours for present
experimental limits to LFV processes of τ → e
transitions: B(τ− → e−γ) < 3.3×10−8 [15] (solid
line), B(τ− → e−e−e+) < 2.7×10−8 [14] (dashed
line), and B(τ− → e−µ−µ+) < 2.7 ×
10−8[14] (dash-dotted line). The dominance of
the heavy neutrino effects in MSSM3NS manifests
already atmN ∼ 200 GeV and becomes more pro-
nounced than in the MSSM3Nf. The branching
ratios for processes, such as τ → 3 leptons, can
be ∼ 3 times larger than the one for τ → eγ at
mN ∼ 1000 GeV.
Figure 3 exhibits exclusion contours for present
experimental limits to LFV processes of τ →
µ transitions: B(τ− → µ−γ) < 4.4 ×
10−8 [15] (solid line), B(τ− → µ−µ−µ+) < 2.1×
10−8 [14] (dashed line), and B(τ− → µ−e−e+) <
1.8 × 10−8[14] (dash-dotted line). The exclusion
contours in all three panels are very similar to the
corresponding contours for τ → e transitions, but
the dominance of the heavy neutrinos is slightly
more pronounced. In particular, the heavy neu-
trino dominance in the MSSM3NS manifests be-
fore mN ∼ 200 GeV and B(τ → 3 leptons) can
be about 5 times larger than B(τ → µγ) at
mN ∼ 1000 GeV.
In summary, we have shown that the incorpo-
ration of the mSUGRA boundary condition into
the MSSM3N leads to larger theoretical predic-
tions for the LFV observables Rµe, µ → 3e and
τ → 3 leptons by up to a factor of 5. The branch-
ing ratios for the ℓ→ ℓ′γ processes show a smaller
variation; they are slightly larger than those ob-
tained in the MSSM3Nf but smaller than the ones
in the SM3N. We plan to present detailed results
of this preliminary analysis in the near future [5].
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